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9 
57. Development of an ultrasonic method for
effective extraction of capsaicin as a potent
bioactive compound
Authors: Viktorija Maksimova, Liljana Koleva 
Gudeva, Blaga Radovanovic, Rubin 
Gulaboski; 
58. Electrochemical analysis of the properties
of benzene-1,2,4-triol
Authors: Milkica Janeva, Rubin Gulaboski; 
59. Comparison of the procedure for
registration of medicines in the European
Union and the Republic of Macedonia
Authors: Sofija Petkovska, Danica Zahkova, 
Biljana Gjorgjeska;  
60. Pharmacoeconomic evaluation of the
antibiotic prophylaxis in orthopedic
surgeries
Authors: Dijana Atanasova, Bistra 
Angelovska, Biljana Lazarova; 
61. Therapeutic approach in the treatment of
benign prostatic hyperplasia
Authors: Rozeta Aceva, Zorica Arsova – 
Sarafinovska; 
62. Oxidative stress, аging and antioxidants
Authors: Viktorija Trajkoska, Zorica Arsova 
Sarafinovska; 
63. Oxidative stress, oxidative DNA damage
and prostate cancer
Authors: Evgenija Nedelkoska, Zorica 
Arsova-Sarafinovska; 
64. RNA interference (RNAi) mechanism as a
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Abstract 
While oxidative stress is generally considered mostly as pathogenic component of stress 
and age associated diseases, reactive aldehydes such as 4-hydroxy-2-nonenal (HNE) 
are considered mostly as the end-products of lipid peroxidation, which acts as a “second 
toxic messenger of free radicals”. However, findings of growth regulating activities of 
HNE that overlapped with the development of the first monoclonal and polyclonal 
antibodies specific for the HNE-protein adducts led to the introduction of qualitative and 
quantitative determinations of the HNE presence in various (patho) physiological 
processes and to the change of consideration of the aldehyde’s bioactivities from toxicity 
into cell signaling, growth regulation and hormesis.  
Thus, the progress in the fields of the redox signaling and broad bioactivities or reactive 
oxygen and nitrogen species changed our overall approach to oxidative stress and to 
consideration of HNE not only as toxic, but in general as a “second messenger of free 
radicals” and the growth regulating factor. Moreover, findings of the HNE-protein adducts 
in various organs under physiological circumstances support the concept of “oxidative 
homeostasis”, which implies that oxidative stress and lipid peroxidation are not only 
pathological but also physiological processes. Accordingly, HNE could play important 
role in oxidative homeostasis, while complementary research approaches might reveal 
the relevance of the aldehydic-protein adducts as major bioactive markers of oxidative 
stress, lipid peroxidation and oxidative homeostasis.   
Keywords: 4-hydroxynonenal, lipid peroxidation, oxidative stress, pathophysiology, 
reactive aldehydes. 
 
 
 
 
 
 
 
 
 
 
 
 
